Abstract-The heat flux predictions of six different models proposed to explain the nucleate boiling phenomenon are compared with the corresponding heat flux measurements at the same levels of subcooling and acceleration.
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Abstract-The heat flux predictions of six different models proposed to explain the nucleate boiling phenomenon are compared with the corresponding heat flux measurements at the same levels of subcooling and acceleration.
It is shown that none of these models can adequately predict nucleate boiling heat flux for other than saturated boiling conditions at standard gravity and that all of the models agree in predicting decreasing values of heat flux as subcooling and acceleration increase. This observation suggests the omission of some additional mechanism which is inoperative under saturated boiling conditions at standard gravity but very sensitive to the level of subcooling and acceleration.
An empirical procedure is presented for correlating the results used in making the comparisons. total; w 3
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listed below and represented schematically in Fig. I , will be tested by using the measurements to predict a heat flux which will be compared with the measured value.
Latent Heat Transport Model Vapour Liquid Exchange Model
Enthalpy Transport Mode1 Source Flow Model Wake Flow Model Enhanced Natural Convection Mode! The supposed operation of these models as presented by their proponents will be described later as each model is tested with the measurements of the present investigation. The paper will be concluded with the presentation of an empirical correlation of the experimental results.
INTRODUCTION
THE AVAILABILITY of simultaneous measurements of the dependent variables heater surface temperature, nucleation site density, bubble frequency and maximum bubble size as a function of heat flux, subcooling and acceleration for Freon 113 boiling on a horizontal surface affords an opportunity for testing various models for boiling heat transfer which exist in the literature. The basic measurements have been presented in El], some of which will be repeated here for the sake of completeness. The models its near room temperature boiling point. Heat was generated by passing d.c. current through the oxide coating to produce nucleate boiling. Since an oxide coated glass surface might be expected to give results different from the usual metallic boiling heat transfer surfaces encountered in industrial applications, a limited series of measurements of heat flux and heater surface temperature were made with a stainless steel foil replacing the oxide coating. At a/g = 1, the two surfaces performed identically except that a "hysteresis" effect occurred with the metal surface that was not present with the glass surface. At higher acceleration levels, the behavior between the two was similar as subcooling was varied, except that the glass surface took on levels of temperature higher by about 2°C. A single oxide coated '"test specimen was used / throughout the study reported here, and therefore surface condition is not considered as a variable.
Test package
The various components of the test package are shown in Fig. 2 . The transparent heat transfer surface permitted observation of the boiling phenomenon from beneath, normal to the heat transfer surface. The surface was mounted in a fixture, perpendicular to the centerline of the test package and at the centerline of the sight tubes, which encapsulated a small volume of air beneath to act as thermal insulation. The sight tube on the left introduced the light beam from an arc source to the liquid region above the heater surface, where a mirror deflected the beam downward. The image of the heater surface was then transmitted out the sight tube on the right to the camera. Guard heaters located in both sight tubes were independently adjusted to maintain the temperature of the air between the quartz windows at the temperature of the test fluid. A guard heater attached to the bottom of the test package was used in conjunction with the heat exchanger in the liquid to control the temperature of the test fluid. A vapour condenser was located at the top of package. The differential lead screw mounted on the centerline of the test package was driven by a remotely controlled electric motor, enabling a horizontal fine wire thermocouple probe 2.54 x lo-'mm dia. to be moved and located precisely in the vertical direction in order to measure the temperature distribution in the fluid adjacent to the heat transfer surface.
Themocouples
Six fixed chromel-constantan thermocouples plus the traversing thermocouple probe were used to measure temperatures at various locations in the test package. The thermocouples were located in the liquid 25 mm above the heat transfer surface; in the liquid on the upper part of the movable thermocouple probe support; directly on the unheated underside of the test specimen; in the air space between the quartz windows in each of the sight tubes: and in the air space inside the test surface mounting fixture. The thermocouple signals were transmitted from the rotating system by means of a system of stationary circular trays containing mercury in which a molybdenum wire mounted on a Plexiglas rotor was immersed. The rotating and stationary transition junctions between the molybdenum and chrome1 or constantan wires were all located in a single well stirred kerosene bath. A precision potentiometer measured the thermocouple outputs except for the movable thermocouple probe, which was recorded on a four channel recorder, along with the signals of the probe position sensing device, the probesurface contact indicator and the vapour space pressure transducer.
Presswization system
The pressure at the heat transfer surface was maintained constant at 57.4 k N/m2 gauge for all tests in order to maintain a constant saturation temperature at this surface. Varying the acceleration changed the hydrostatic pressure at the heat transfer surface, for which compensation was made by regulating the pressure ofthe helium atmosphere in the vapour space as monitored with a strain-gage type transducer.
Optical system
The beam of light used to backlight the nucleate boiling originated on the axis of rotation and was focused by a condensing lens and transmitted to the heat transfer surface approximately I.2 m away by means of four first surface mirrors. The images of the bubbles were transmitted approximately 30 m at unity magnification through two long focal length lenses to the focal plane of the camera by means of five additional front surface mirrors. The camera used was a Beckman-Whitley Dynafax Model 326 framing camera.
Adequate exposure of the film for all combinations of heat flux, subcooling and acceleration was difficult to achieve because the bubbles dispersed much of the light incident upon the heat transfer surface under certain combinations of these three parameters. Three different high intensity arc lamps were used to backlight the boiling phenomenon at n/g = 1, 10 and 100 respectively, since different amounts of light were required for each of the different acceleration levels. Even then, the combination of high heat flux and low subcooling at a/g = 1 could not be photographed because of the large amount of vapour generated.
Test procedures
Five levels of heat flux nominally Qr/Ar = 11500, 21100, 41600, 8200 and 129400 W/m2, various levels of subcooling in the range 0°C 6 (T,,, -Ts) < 30°C and three levels of acceleration n/g = 1, 10 and 100 were used in the present investigation. The heat flux was computed by dividing the total energy dissipation in the oxide film by the total surface area. The subcooling was computed by subtracting the bulk liquid temperature measured at a fixed location outside of the thermal boundary layer from the saturation temperature at the heat transfer surface. The temperature profile measurements in the liquid indicated that the bulk liquid temperature was relatively insensitive to displacement from the heat transfer surface at the location chosen so that the temperature measured was representative ofthe bulk liquid temperature: the saturation temperature at the heat transfer was maintained constant as explained earlier so that the subcooling computed in the-manner described above was independent ofthe influence of acceleration.
At the beginning and conclusion of each series of tests in which subcooling and/or acceleration was varied at constant heat flux, a "reference test" was performed for saturated boiling at standard gravity in order to establish a test condition which could be used to evaluate the effects of changes in subcooling and acceleration. It was observed that inconsistencies in the data with variations in subcooling and acceleration were always related to the non-reproducibility of the data with saturated liquid at a/g = 1. On repeating tests under identical conditions, the heater surface superheat might differ by as much as +2"C from one day to the next. By performing a "reference test" each day before and after each series of tests, comparison with a reference curve would indicate the extent of the deviation. A correction equal to this deviation was then applied to all heater surface temperature measurements in that series of tests. By this procedure, the results for various subcoolings and accelerations became reproducible.
When steady state test conditions had been attained, the outputs of the six fixed thermocouples and the other instrument systems were recorded. For those tests involving the measurement of the temperature distribution in the thermal boundary layer adjacent to the heater surface, a boundary layer traverse was performed immediately afterward. The thermocouple probe was driven downward until it touched the heat transfer surface, as indicated by a sudden increase in the voltage level of the probe. The probe was then driven upward and the angular position of the drive motor was noted at the instant that the probe broke contact with the heat transfer surface. Thereafter, the boundary layer traverse was interrupted for several seconds at intervals corresponding to one revolution of the drive motor (1.12 x 10-l mm) in order to measure the temperature of the bulk liquid at a number of positions normal to the heat transfer surface. For those tests involving photography of the boiling phenomenon, two motion picture film strips were then exposed at both 1000 frames/s and 2000 frames/s. The film strips were processed immediately and checked for suitability before any parameters were varied.
PHOTOGRAPHIC TEST RESULTS

Data anal!wis
A sample of the photographs taken through the heating surface with nucleate boiling present is presented in Fig. 3 . With the high magnifi-cation and associated small depth of field, bubbles attached to the heater surface could be easily distinguished from others by their sharp outline.
Average population density and active site density were determined from photographic enlargements of sequences of frames on the film strips. In determining the active site density, each point at which bubbles were seen to be attached to the heat transfer surface was identified as a nucleation site. The active nucleation sites within the defined area in each enlargement were identified and transferred to a single enlargement, using established reference points. With the addition of each consecutive frame, previously observed sites often were duplicated, but a diminishing number of additional sites were added by each successive frame. The average population density was determined by averaging the number of bubbles attached to the heat transfer surface in each of the frames.
Frequency of bubble emission was determined from an analysis of the projected film strips. The growth of a single vapour bubble at each of ten different nucleation sites was followed "E \ frame by frame in order to determine the time elapsed from initiation to departure or collapse, designated as the "active" period. Frame by frame observation of the nucleation site was then continued to determine the time elapsed from departure or collapse to re-initiation, designed as the "inactive" period. The period of a bubble is the sum of the active and inactive periods, and the frequency of bubble emission is the reciprocal of this quantity. Maximum bubble size was determined from the enlargements ofthe frame in which the bubble appeared to have grown to maximum size prior to the beginning of collapse or departure. The average of two perpendicular measurements of diameter was taken to be the maximum bubble size. It should be recognized that these views are obtained from beneath the heater surface, and the diameter may differ from that seen from the side.
Average population density and active site density
The influence of heat flux, subcooling and acceleration upon active site density and average population density is illustrated in Fig. 4 . The active site density is the number of active nucleating sites per unit area present under given conditions. A bubble will not be present on an active site at a given instant of time during the waiting period, but will be present during the active period. The average population density is the average number of bubbles present on the surface per unit area at any given time. In Fig. 4 the average population density is approximately one half the active site density for the same levels of heat flux and acceleration. The active site density appears to be a linear function of heat flux at all levels of subcooling and acceleration. This is consistent with the saturated nucleate boiling results reported by Westwater [3] and Gaertner [4] at a/g = 1, although considerably more active sites were observed in the present work. The results indicate the somewhat surprising fact that subcooling has relatively little influence on the active site density. It had been expected that increasing subcooling would cause the suppression of bubble nucleation. Increasing the acceleration level from a/g = 1 to u/g = 10 resulted only in a 10 per cent reduction in the active site density, whereas further increasing the acceleration level from u/g = 10 to u/g = 100 resulted in an 80 per cent reduction in the active site density. Both Graham [5] and Beckman [6] have reported similar acceleration induced changes in active site density.
Frequency qf bubble emission
The data plotted in frequency of bubble emission varies directly with heat flux and indirectly with subcooling. Increasing the acceleration level from a/g = 1 to a/g = 10 resulted in little change in bubble frequency whereas increasing the acceleration level from a/g = 10 to a/g = 100 resulted in an increase in bubble frequency ranging from two to four fold, depending on the subcooling. Beckman [6] reported a tenfold increase in bubble frequency with an increase of acceleration from a/g = 1 to a/g = 100. In that case the minimum subcooling at a/g = 100 was much smaller than the 8°C in Fig. 5 . It is noted in Fig. 5 that a reduction in subcooling had a much greater influence on the bubble frequency at a/g = 100 than at the lower levels at acceleration. The heat flux behavior can be related to the fact that the heater surface temperature and hence the temperature of the adjacent superheat layer increase with increasing heat flux. Hence, the vapour bubbles grew more rapidly and the process of vapour bubble departure or collapse commenced sooner since the vapour bubbles attained maximum size in a shorter interval of time.
The photographs show that both the growth period and the waiting period increase as subcooling is increased, at all acceleration levels. This means that the frequency must decrease, as observed, and the decrease is believed related to the decrease in surface temperature which accompanies increasing subcooling.
Maxinum bubble size Figure 6 shows the simultaneous influence of variations in acceleration and subcooling on the maximum size ofthe bubble while attached to the heat transfer surface as viewed from beneath. At all acceleration levels, increasing the subcooling resulted in a decrease in the maximum size, as has been observed by many workers at a/g = 1. The results of Van Stralen [7] for water are included as typical. As acceleration was increased from a/g = 1 to n/g = 10, the decrease in size was relatively greater than the further decrease taking place when acceleration was increased from a/g = 10 to a/g = 100. A corresponding effect was observed by Beckman [6] with water at a fixed level of subcooling which is also included in Fig. 6 . The maximum bubble size appeared to be independent of heat flux in the ranges of heat flux and acceleration covered. This had also been reported by Beckman [6] for various accelerations and by Gaertner [8] at a/g = 1.
THERMOMETRIC TEST RESULTS
Sirrlilce temperature
The influence of subcooling and acceleration upon the temperature ofthe heat transfer surface is indicated in Fig. 7 , in which heater surface superheat has been plotted as a function of subcooling and acceleration for constant heat flux. Data points have been omitted from this plot for the sake of clarity. For a number of the curves, as subcooling is increased with constant heat flux and acceleration, the heater surface superheat first increases and then decreases, which is consistent with the observations of Merte [9] . It was found, in the photographic results presented above, that the frequency of bubble emission and the maximum bubble size decrease markedly with increasing subcooling, and it is reasonable to conclude that the heat transfer ascribed to each active site is thereby diminished. Thus, nucleate boiling becomes progressively less able to transfer the heat load as subcooling increases, requiring an increase in the surface temperature until subcooling increases sufficiently to enhance the natural convection mechanism to the point where the surface temperature decreases thereafter. Heat transfer by natural convection is dependent upon the surface-liquid temperature difference (T, -T'), which assumes approximately a constant value for constant heat flux and acceleration, so that as subcooling (T,,, -T,) increases. superheat (7" -T,,) decreases since (T, -T,,,) + (L, -T,) = (T, -Ts) (1) This is utilized as a criterion for determining the dominance of natural convection over nucleate boiling.
Depending upon the level of heat flux and subcooling, increasing acceleration at constant heat flux and subcooling can cause the heater surface superheat to increase and/or decrease. Figure 7 shows that for subcooling in the range 0°C < (7;,, -T') d YC, a change in acceleration from n/g = 1 to o/y = 100 causes the superheat to increase monotonically approximately 2°C for QT/AT = 129400 W/m2, while atQ,/A,= 11500 W/m2 it decreases monotonically approximately 10°C. In between, the surface superheat increases and then decreases. This behavior is evidence of the relative contributions of nucleate boiling and natural convection to the total heat transfer rate. It was found in
Figs. 4 and 6 above, that the active site density and maximum bubble size decrease markedly with increasing acceleration, and it might be concluded that the contributions of the bubbles to the heat transfer is diminished by increasing acceleration. Consequently, increasing acceleration results in an increase in superheat at those heat flux levels for which nucleate boiling predominates, whereas increasing acceleration results in a decrease in superheat at those heat flux levels for which natural convection predominates. Beckman [6] and Graham [S] have observed that increasing acceleration can suppress boiling entirely, and this is suggested here by the curves for QT/AT = 11500 W/m2 at a/g = 10 and a/g = 100 and the curve for QT/AT = 21100 W/m' at a/g = 100. These have a constant slope d( T, -T,,,)/d( T,,, -7") = -1, signifying that (7" -7") is constant, the condition required for the dominance of natural convection over nucleate boiling.
B~ltn~ar~~ laper ~~~c~~ess Figure 8 shows typical results of measurements of fluid temperature distributions adjacent to the heating surface, using a thermocouple of 2.54 x lo-' mm dia. wire suspended parallel to the surface. The vertical bars at each point represent the magnitude of the temperatu~ fluctuations observed about the mean. It can be noted, although more so from the complete set of data, that these fluctuations increase as subcooling increases, for constant heat flux and acceleration. The fluctuations decrease as heat flux increases for constant subcooling and acceleration, and decrease as acceleration increases for constant subcooling and heat flux. Defining the boundary layer thickness as the distance from the heat transfersurfa~at which the temperature gradient becomes approximately constant, the variation of this quantity with heat flux, subcooling and acceleration is shown in Fig. 9 possible to measure the boundary layer thickness at a/g = 100 because of limitations of the probe positioning mechanism, it is believed that the boundary layer thickness would decrease further as acceleration increases from a/g = 10 to a/g = 100.
DISCUSSION
In this section, the adequacy of six different models which have been proposed to describe nucleate boiling heat transfer is examined. The extent of agreement between theory and experiment is indicated by a heat flux ratio, defined as the ratio of the predicted heat flux to the measured heat flux. The predicted heat flux is computed by substitution of the independent measurements of surface temperature, boundary layer thickness, average population density, active site density, frequency of bubble emission and maximum bubble size into the appropriate relationships. For the first three models, namely the latent heat transport model, the vapour liquid exchange model and the enthalpy transport model, for which it is reasonable to resolve the boiling phenomenon into natural convection and nucleate boiling components, the heat flux ratio was computed by dividing the nucleate boiling heat flux predicted by the model under investigation by the nucleate boiling heat flux obtained by subtracting the natural convection heat flux from the total heat flux according to For the last three models, namely the source flow model, the wake flow model and the enhanced natural convection model for which it is not possible to separate natural convection from nucleate boiling, the heat flux ratio was computed by dividing the total heat flux predicted by the corresponding measured value. Accordingly The values computed have been (31 plotted as functions of heat flux, subcooling and acceleration, the three independent variables of the experimental study, for the purposes of comparison.
Latent heat transport model
It was originally thought that the rate of heat transfer by nucleate boiling was determined by latent heat transport in which each bubble growing and departing or collapsing at the heater surface removed a bubble volume of latent heat. This explanation of the nucleate boiling heat transfer phenomena had been disregarded when Rallis [ 121 reintroduced it by reporting an experiment in which it could be shown that latent heat transfer and natural convection together accounted for the total heat flux for saturated water boiling on a horizontal wire. In terms of the time averaged measurements of the present investigation, the latent heat transport model may be expressed by the relationship (41 which assumes that the vapour bubbles are spherical in shape. Figure 10 predicted by the latent heat transport model, as evidenced by the fact that the curves plotted fall progressively below unity as heat flux, subcooling and acceleration increase. Even accounting for natural convection, more energy is being removed from the heater surface than can be accounted for by latent heat transport. However, it is reasonable to conclude that whatever other mechanisms are in operation, each bubble transports one bubble volume of latent heat away from the heater surface each time that it departs or collapses.
Vaporrr liquid exchange model Forster [13] postulated a vapour liquid exchange mechanism in which heat transfer by nucleate boiling was ascribed to the exchange of a bubble volume of liquid at temperature T, displaced from the heater surface by the growth of the bubble for a bubble volume of liquid at temperature TB which replaces the vapour bubble upon its departure or collapse. This nucleate boiling heat transfer model can be expressed by vapour liquid exchange model largely overprediets in as much as the heat flux ratio exceeds unity for ali the results at a/g = 1 and most of the results at a/g = 10. This observation is not surprising: at the moment of departure or collapse, the vapour bubble exists in a region of extreme temperature variation so that it is unrealistic to consider that the liquid which the vapour bubble has displaced is uniform at the temperature of the wall. In addition, Forster postulated that although the nucleate boiling heat fhrx predicted by equation (5) is highly dependent upon the bulk temperature, the influence of bulk temperature upon the maximum bubble size, active site density and frequency of bubble emission counteracted this effect. This hypothesis was intended to explain why nucleate boiling heat flux is largely independent of the bulk temperature for small deviations in buik temperature from the saturated condition. Figure  11 does not support this hypothesis, since the heat flux ratio can be seen to decrease continuously with increasing subcooling.
~~t~ff~~}~ t~~~~~~~t m&l I-fan fl4] formulated a model in which the enthalpy transported by a single bubble was equated to the energy content of the thermal boundary layer within the region of influence about each nucleation site, an approximately cylindrical volume twice the bubble departure diameter and equal to the thermal boundary layer thickness in height at the instant of departure. The nucleate boiling heat flux predicted by this relatively sophisticated model is expressed by the relationship Figure 12 depicts the variation of the heat flux ratio [QNB/AT] 
with heat flux, subcooling and acceleration, and shows that similar to the vapour liquid exchange mechanism, the enthalpy transport model overpredicts at n/.cl = 1 and n/s = 10 although not to the same extent. The influence of heat flux, subcooling and acceleration are such that increasing heat flux, subcooling and acceleration cause adecrease in the heat flux ratio, in common with the other models discussed above.
where S = Vi[~~,(r, + ti)] and 6' = ,I(~M,T,). boiling surface to the combined action of convection at the surface due to microcurrents induced by the growth and collapse of bubbles at the active nucleation sites (bubble agitation) and transient conduction to the liquid flowing in to replace the vapour bubbles (surface quenching).* This model is conceptually identical to that proposed by Rohsenow [16] .
* Bankoff actually proposed a sequential model in which heat was transferred from the heater surface to a two phase layer by bubble agitation and surface quenching and thence to the bulk liquid by eddy diffusion and convective heat transfer at the interface between the vapour bubbles and the bulk liquid. Only the mechanisms acting at the heater surface are considered in this analysis.
Bankoff was able to express this model mathematically without resorting to dimensional analysis by the relationship x (7;, -T,) + constant p,C, involving one arbitrary constant. The first term, which predicts the surface quenching portion of the total heat flux, contains a function of the ratio of active period to inactive period : $(I +;) -($)o) (8) which relates the heat transfer to the liquid contacting the surface exposed as the bubble coilapses to the manner in which the vapour liquid interface recedes. The second term, which predicts the bubble agitation portion of the total heat flux, contains an arbitrary constant which must be obtained from experimental data. In this term, F is the fraction of the surface area instantaneously covered by bubbles given by n/4 (D,,x2)(n/A,) and F is the fraction of the surface area periodically covered by bubbles given by T~/~(D,,,,: )(N/A~). Figure 13 shows that 0.01 is the value of the constant required in the present situation in order to reduce the heat flux ratio [QT/AT] &QT/ATIM to unity for saturated boiling at a/g = 1, It is significant that this particular treatment of the data correctly accounts for variations in heat flux, although it is apparent that the effects of subcooling and acceleration are not correctly incorporated.
Wake, flow model
Tien [ 171 advanced a model for nucleate boiling heat transfer based upon the hypothesis that the column of bubbles rising from each nucleation site induced a steady upward flow of the surrounding liquid in its wake which approximated inverted stagnation flow. The mathemati~l formulation, which involved the use of a heat transfer relationship for inverted stagnation flow, resulted in an expression of the form (T, -T,,,) ' (9) P in which y is a parameter relating the heat transfer to the "strength" of the inverted stagnation flow. Tien determined that y = 2150 for water by comparing experimental results for the thickness of the thermal boundary layer in saturated nucleate boiling water with the relationship which predicts the thickness of the thermal boundary layer in stagnation flow. Figure 14 is a plot of boundary layer thickness versus active si&e density which indicates that boundary layer thickness for the present investigation is similarly inversely propo~ion~ to the one half power of active site density for saturated boiling conditions at both u/g = I and a/g = 10. However for 167°C subcooling, the boundary layer thickness is inversely proportional to the one eighth power of active site density. Because equation (10) Consequently ( 
in which the term [(~/~*)/(~/~*) -11 is the ratio ot' the Inactive nucleation sites to the active nucleation sites and the term (A&AT) is the time averaged fraction of the surface area upon which nucleate boiling occurs based upon the prqjected area of the bubbles at maximum size. Figure t 5b shows the modified wake flow model predicts correctly for saturated boiling conditions at n/g = 1 and that this treatment correctly accounts for the heat flux effect at all levels of acceleration although the model progressively underpredicts as subcooling and acceleration increase.
Zuber [19] observed the similarity between nucleate boiling and turbulent natural convection with respect to the "up draught" induced circulation which governs the heat transfer in both cases. This similarity suggested a model in which the bouyancy of the vapour bubbles in the liquid adjacent to the heater surface augmented the thermally induced bouyancy of the liquid, thereby enhancing the convective heat transfer process, much as turbulent eddies enhance the laminar convective process. The equation predicting turbulent natural convection heat transfer was modified accordingly resulting in the expression Equation (16) is plotted in Fig. 17 alo.ng with the experimental data from the present mvestigation. The three distinct sets of points indicate that the acceleration effect is not properly accounted for by the term (n/s)-*.
For those cases in which QTJAT 9 QNCIANC, the Kijrner correlation [20] can be rearranged to give 
In as much as Fig. 17 shows that Nu increases with increasing (n/g) at constant Re0.667 I+-'.' (a/g)-*, a relationship with less (n/g) dependence than equation (16) is required to correlate the experimental results. A more satisfactory correlation of the present data is obtained by changing the exponent oft he (n/s) term in equation (16) which is plotted in Fig. 18 . Equation (22) 
FIG. 18. Empirical correlation
Although equation (23) appears to suggest that the heat flux becomes independent of the body force for cases in which the natural convection contribution can be neglected, this is not correct since the superheat is still dependent upon the acceleration level. IHowever, within the limits of body forces and heat fluxes thus far covered, it is important to include the contribution of natural convection.
To show the role of the body force more explicitly, equation (22) can be written in an alternate form as follows + 2.39 x lo6 PF~"
The first term is the contribution of non boiling convection and the second term is the contribution of nucleate boiling. The predicted and measured heat fluxes are compared in Fig. 19 .
SUMMARY
Only the modified wake flow model is capable of predicting boiling heat transfer results for saturated Freon 113 boiling on an oxide coated glass heater surface at standard gravity. All of the models investigated predict decreasing values of the heat flux ratio as subcooling and acceleration increase. Obviously some additional mechanism which is inoperative under saturated boiling conditions but very sensitive to the level of subcooling and acceleration ought to be included in each of the models: mass transfer through the bubbles resulting from the evaporation of a microlayer at the base of the bubble and the subsequent condensation of the vapour at the vapour-liquid interface is a most likely
